When islets from mice were incubated with 16.7mm-glucose, previous starvation for 48h decreased Snyder et al. (1970) and Ashcroft et al. (1972) were unable to demonstrate any increase in the absolute rate of metabolisn of glucose through the pentose phosphate pathway when islets were stimulated by high glucose concentrations. Hedeskov & Capito (1974) demonstrated that the maximally extractable activities of hexokinase, glucokinae and glucose 6-phosphatase in mouse pancreatic islets were not affected by starvation, whereas there was indirect evidence that the activity of 6-phosphogluconate dehydrogenase might be diminished during starvation where a decreased insulin response to glucose also could be demonstrated. To assess the possible significance of the pentose phosphate pathway for the decreased sensitivity of the insulin-sertory mechanism during starvation, we have investigated the -effect of starvation on the maximally extractable activities of
glucose in islets from both fed and starved mice. The fraction of glucose utilized that was oxidized (specific 14C02 yield) ranged from one-fifth to one-third and was higher in islets from starved mice with both 1-[IC]glucose and 6.4Cglucose as substrate. The contribution of pentose-cycle oxidation to total glucose metabolism was small (3 % in the fed state and 4% in the starved state). The absolute rates of glucose carbon metabolism via the pentose cycle and the turnover of NADPH in this pathway were identical in islets from fed and starved animals. After incubation at 16.7mM-glucose for 30min the contents of glucose 6-phosphate and 6-phosphogluconate were both unchanged by starvation. It is concluded that there is no correlation between the decreased sensitivity of the insulin secretory mechanism during starvation and the metabolism of glucose via the pentose cycle, the islet content of glucose 6-phosphate or 6-phosphogluconate.
The role of the pentose phosphate pathway in insulin secretion is still unsettled. Matschinsky et al. (1968) have measured the activities of most of the enzymes that are involved in the pentose phosphate pathway and they have also demonstrated a marked increase in the concentration of 6-phosphogluconate in islets from obese-hyperglycaemic mice when the extracellular concentration of glucose was raised. Montague & Taylor (190) demonstrated a close connexion between the islet concentration of 6-phosphogluconate and the rate of insulin secretion under a variety of experimental conditions and suggested that the metabolism of glucose through the pentose phosphate pathway was closely related to the secretion of insulin.
The main functions of the pathway are the supply of pentose phosphates and reducing equivalents (NADPH) for biosynthetic purposes, or in, e.g., erythrocytes, for the regeneration of GSH fron GSSG. GSH may again be needed for the maintenance of optimum erythrocyte memnbrane function. Hellman et tl. (1974) Snyder et al. (1970) and Ashcroft et al. (1972) were unable to demonstrate any increase in the absolute rate of metabolisn of glucose through the pentose phosphate pathway when islets were stimulated by high glucose concentrations. Hedeskov & Capito (1974) demonstrated that the maximally extractable activities of hexokinase, glucokinae and glucose 6-phosphatase in mouse pancreatic islets were not affected by starvation, whereas there was indirect evidence that the activity of 6-phosphogluconate dehydrogenase might be diminished during starvation where a decreased insulin response to glucose also could be demonstrated. To assess the possible significance of the pentose phosphate pathway for the decreased sensitivity of the insulin-sertory mechanism during starvation, we have investigated the -effect of starvation on the maximally extractable activities of glucose 6-phosphate dehydrogenase and 6-phosphogluconate dehydrogenase and the effect on the concentration of their substrates, glucose 6-phosphate and 6-phosphogluconate. Further, the effect of starvation on the flux of glucose carbon through the pentose phosphate pathway has been evaluated. (Krebs & Henseleit, 1932) containing human serum albumin (2mg/ml) and glucose (3mg/ml). After 2h of incubation the tubes were gently centrifuged and a sample (0.1 ml) of the medium was removed, diluted with 0.04M-sodium phosphate buffer, pH7.4, containing human serum albumin (lOmg/ml) and stored at -20°C until assay by radioimmunoassay (Heding, 1966) with mouse insulin as standard.
Glucose utilization. This was determined as the formation of 3H20 from [5-3H]glucose essentially as described by Ashcroft et al. (1972) and Hedeskov & Capito (1974) .
Oxidation The specific radioactivity of glucose in the medium was determined by liquid-scintillation spectrometry and enzymic assay of glucose (Slein, 1963) . Glucoseoxidation rates were calculated as pmol of glucose oxidized/2h per 10 islets from the formula:
Specific yields were calculated as pmol of glucose oxidized per pmol of glucose utilized. According to Katz & Wood (1963) Assay of6-phosphogluconate dehydrogenase activity. The activity was assayed at 22°C by the change in fluorescence on adding 40-,6Ol of dialysed islet homogenate (prepared as described above) to tubes containing 2.45m1 of assay medium (100mM-TrisHCl, lOM-MgCl2, 0.5mM-EDTA and 0.02mg of bovine plasma albumin/ml, adjusted to pH7.8, containing 1 mM-6-phosphogluconate and 0.2mM-NADP+). Fluorescence was recorded continuously by using a thermostatically controlled AmincoBowman spectrofluorimeter. The formation of NADPH was linear with time and proportional to the amount of homogenate added. Blank incubations without homogenate and blank samples without substrate as well as appropriate spectrophotometrically checked NADPH standards were included in each experiment. All determinations were either in duplicate or in triplicate. The DNA content of lOul of homogenate was determined in duplicate for each assay by the method of Kissane & Robins (1958) with calf thymus DNA as standard.
Assay ofglucose 6-phosphate dehydrogenase activity. The same procedure and assay medium described above was used, except that 6-phosphogluconate was replaced by 1 mM-glucose 6-phosphate and 6-phosphogluconate dehydrogenase (0.02unit/ml) was added. The enzyme was dialysed against 100mM-Tris-HCI buffer, pH7.8, before addition to remove sulphate, as this might inhibit the glucose 6-phosphate dehydrogenase activity. In this assay it was assumed that oxidation of 1 mol of glucose 6-phosphate gave rise to 2mol of NADPH. It was ascertained that further addition of 6-phosphogluconate dehydrogenase did not increase the rate of the reaction. The formation of NADPH was linear with time and proportional to the amount of homogenate added.
Determination of 6-phosphogluconate. Some 20 islets were incubated for 30min at 37°C in 25,1 of gassed (02+CO2, 95:5) Krebs-Henseleit buffer containing 0.5 or 3.0mg of glucose/ml. The reaction was stopped by the addition of 25p1 of 0.1 M-HCI. The islets were sonicated and 40ul of the sonicate or standard 6-phosphogluconate solutions (made up in Krebs bicarbonate medium-HCl mixture similar in composition to the acidified medium) were analysed for 6-phosphogluconate by the addition of 27 u1 of 0.2M-Tris buffer, pH8.0, 1.514 of 1mM-NADPH+ and 1.5,ul of dialysed 6-phosphogluconate dehydrogenase (12units/ml before dialysis). After incubation at room temperature for 60min the content of NADPH was measured by means of bacterial luciferase as described by Ashcroft et al. (1973) .
Determination of glucose 6-phosphate. Some 10 islets were incubated at 37°C in 28p1l of gassed (02+CO2, 95:5) Krebs-Henseleit buffer containing 0.5 or 3.0mg of glucose/ml. After 30min the reaction was stopped by the addition of 0.1M-HCI and the content of glucose 6-phosphate in the islets was measured as described in detail by Ashcroft et al. (1973) .
Results Table 1 shows that the rate of insulin release at 16.7mM-glucose was diminished by approx. 50% and the rate of glucose utilization at the same glucose concentration was decreased by approx. 33% by starvation. The maximally extractable activity of Table 1 . Effect of starvation on insulin release, glucose utilization and activities of glucose 6-phosphate dehydrogenase and 6-phosphogluconate dehydrogenase For measurement of insulin release batches of five islets from fed and 48h-starved mice were incubated for 2h at 37°C in 0.3ml of gassed Krebs-Henseleit buffer containing 16.7mM-glucose and human serum albumin (2mg/ml). The released insulin was determined by radioimmunoassay as described in the Experimental section. Glucose utilization was measured by incubating batches of 15 islets in lOl of Krebs-Henseleit buffer containing 16.7mn-[5-3HJglucose (specific radioactivity 3-4mCi/mmol). The glucose uptake was calculated from the amount of 3H20 formed during the incubation. Glucose 6-phosphate dehydrogenase activity and 6-phosphogluconate dehydrogenase activity was measured at 22°C by the change in fluorescence on addition of dialysed homogenate to a reaction mixture as specified in the Experimental section.
The enzyme activities are expressed as pmol of substrate converted/min per lOOng of DNA. All results are given as means ±S.E.M. with the number of determinations in parentheses. Ten islets contain 156ng of DNA (Hedeskov & Capito, 1974 Table 2 shows that the conent of 6-phosphogluconate in t-he islets after 30mm of incubation at 16.7mM-glucose was not changed by starvation, whereas there was a decreae in 6-phosphogluconate content when islets from starved mice were incubated at 2.5mM-glucose. Incubation of the islets at 16.7mm-glucose compared with incubation at 2.5mM-glucose increased the content of 6-phophos.
gluconate in islets from starved mice but not in islets from fed mice. The content of glucose 6-phosphate in the islets after 30min of incubation at 16.7mM-glucoe was unesoged by starvation, whereas the was a 30% decrease in islet glucose 6-phosphate content after incubation at 2.5mMglucose. Rates of glucose oxidation and glucose utilization were linear over the period of incubation used in these experiments. (Field et aL, 1960; Jarrett & Keen, 1966; Heinze & Steinke, 1971) . However, as stressed by Katz & Wood (1963) , for estimation of the flux of glucose carbon through the pentose cycle measurements of specific yields, e.g. Table 3 with the activity of these enzymes as measured in islet homogenates (Table 1) , taking into aocount that lOOng of DNA = approx. six islets]. The activity of these enzyms may be controlled by the cytosolic NADPH/NADP+ ratio (Ashcroft & Randle, 1970) and by de-inhibition by AMP or GSSG (Eggleston & Krebs, 1974) . We have given indirect evidence for a decrease in islet 6-phosphogluconate dehydrogenase activity after 48h starvation (Hedeskov & Capito, 1974) . Direct assay showed that the enzyme activity was decreased by 19% but this was not statistically significant (P 0.1). The change in activity may be real but evidently small. More refined methods and a larger number of experiments may be needed to detect it.
Montague &Taylor(1 970) found aclose connexion between the concentration of 6-phosphogluconate in rat islets and the rate of insulin secretion. In our experiments there was no correlation between the concentration of 6-phosphogluconate and insulin release. At 16.7mM-glucose, starvation causes a decrease in insulin secretion rate, but there is no difference in the islet content of 6-phosphogluconate in the fed and starved state. When the extracellular glucose concentration is raised from 2.5 to 16.7mM there is a bigger increase in insulin-secretion rate in islets from fed mice than in islets from starved mice (Hedeskov & Capito, 1974) . With 6-phosphogluconate content exactly the converse is true; there is no rise in 6-phosphogluconate in the fed state but almost a three-fold increase in the starved state. This lack of correlation of 6-phosphogluconate concentration with insulin release agrees with the results of Idahl et al. (1971) , who showed that the addition of adrenaline to or omission of Ca2+ from a high-glucose medium (both experimental conditions that inhibit insulin release) gave a significant elevation of the islet 6-phosphogluconate content.
At 16.7mM-glucose the metabolism of glucose carbon via the different pathways seems to be altered by starvation. Glycolysis is diminished, but the absolute rate of pentose-cycle flux is unchanged, and the same can be said about the tricarboxylatecycle activity. The specific yield of "'CO2 from [6-"C]-glucose (which means that fraction of C3 of pyruvate that is oxidized in the tricarboxylate cycle) was increased in islets from starved mice, but the absolute rate of oxidation of [6-14C] glucose to 14C02 was unaltered during starvation.
In conclusion, there does not seem to exist a correlation between the decreased sensitivity of the insulin-secretory mechanism duringstarvation and the pentose-cycle flux, the tricarboxylic acid-cycle activity or the islet content of 6-phosphogluconate and glucose 6-phosphate, whereas the decreased insulin secretion seen during starvation is clearly associated with a decreased glycolysis. The decreased glycolysis may again effect either Ca2+ distribution in the islets and/or their ability to raise their content of cyclic AMP on stimulation, as discussed in more detail elsewhere (Hedeskov & Capito, 1975) .
